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Abstract

Acute pancreatitis because of hypertriglyceridemia is a severe 
disease which can develop into multiple organ failure with a poor 
prognosis. The aetiologies of patients with acute pancreatitis 
could be different, but their pathophysiological changes were 
just the same. Extreme triglyceride elevations (≥ 500 - 1,000 
mg/ Dl) can lead to acute pancreatitis with all clinical symptoms 
and complications. Conservative therapy of acute pancreatitis 
includes dietary, lipid lowering drugs, and surgical intervention 
for regional detoxification. Therapeutic apheresis, especially 
therapeutic plasma exchange, is indicated in severe acute 
hyperlipidaemic pancreatitis for systemic detoxification. If 
patients can be treated as soon as possible better results may 
be predicted. Therapeutic plasma exchange, semi-selective and 
selective plasma separation methods has been available as an 
optional therapy for hypertriglyceridemia pancreatitis since more 
than 20 years with great success 

Introduction

Acute pancreatitis (AP) is a clinical entity that can develop 
into multiple organ failure, and still has a poor prognosis. It 
is accepted that excessive humoral mediators such as pro-
inflammatory cytokines play important roles in the pathogenesis 
of organ failure in patients with acute pancreatitis [1]. Alcohol 
abuse, cholelithiasis, hyperlipidemia and other specific factors, 
are the important causes of acute pancreatitis [2]. The most 
known primary and secondary cause which can induce an 
acute pancreatitis are shown in Table 1 [3]. The morbidity has 
been increased in recent years with number of patients with 
AP. Acute pancreatitis occurred in 12 - 38 % of patients with 
hypertriglyceridemia [HTG] [4]. 

Because of autolysis of the pancreas, active enzymes such as 
lipase, amylase, esterase, and nuclease are released, as well 
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as inactive pro-enzymes such as proteinase, peptidase, 
phospholipase A, trypsin, and others. Phospholipase 
A, which is activated by trypsin, releases highly toxic 
lysolecithin from lecithin. Both the local changes in the 
pancreas, such as proteolysis, bleeding, and necrosis 
of fatty tissue, and the systemic effects such as shock, 
adult respiratory distress syndrome, and coagulopathy 
are a result of the combined effect of this enzyme activity. 
Oxygen radicals such as oxyreductase, which is toxic 
for tissue, also play an important role in pathogenesis 
[4]. Acute pancreatitis can be connected to acute kidney 
injury (AKI).  

Acute Pancreatitis is a well-known complication of severe 
hypertriglyceridemia. Patients with triglyceride levels 
of ≥ 500 - 1,000 mg/dL are at high risk for AP [5,6]. The 
mechanism leading to severe AP was that combining 
capacity of albumin-binding of albumin surpassed by 
over production of free fatty acid would cause tissue 
toxicity. Thus, pancreatitis acinar cells and micro-vessels 
were injured [7-10].

Hypertriglyceridemia results from elevations in the 
lipoproteins for triglyceride transport. Primary causes 
include mutations in genes such as that encoding 
lipoprotein lipase and its activator Apo C-II. Secondary 
causes include diabetes mellitus, hypothyroidism, 
pregnancy, and medications [11]. 

Extreme triglyceride elevations are seen in homozygotes 
due to mutations as well as when secondary causes 
are superimposed upon underlying genetic defects. 
Complications occur when triglyceride levels are ≥ 500 
- 1,000 mg/dL [11]. These include acute pancreatitis, 
chronic abdominal pain, hepatosplenomegaly, eruptive 
xanthomas, lipemia retinalis, peripheral neuropathy, 
memory loss, dementia and dyspnoea, etc. Endothelial 
damage due to chemical irritation by fatty acids and 
lysolecithin is felt to cause pancreatitis while hyper 
viscosity and tissue deposition produce the other 
complications. 

Dietary management is always the first step in the 

Primary causes

- Familial hypertriglyceridemia [FHTG]

- Familial combined hypertriglyceridemia [FCHL]

- Familial dysbetalipoproteinemia [Typ III hyperlipidemia]

Secondary causes

- Diabetes mellitus [DM] 

- Chronic renal failure

- Nephrotic syndrome [NS]

- Hypothyroidism

- Pregnancy 

- Inactivity

- High-carbohydrate diets

- Excess alcohol intake

- Medications, such as corticosteroids, bile acid sequestrants, anti-   hypertensives, estrogenes,                          
retinoids, diuretics, antiretrovirals 

Table 1: Primary and secondary causes for acute pancretits [modified after [3]]
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treatment of hypertriglyceridemia, especially in patients 
with obesity, alcoholism, or poorly controlled diabetes 
mellitus [12]. If appropriate diet cannot be sufficient, a 
therapy with lipid-lowering drugs should be associated 
in hyperlipidemia [13,14]. Conservative therapy of AP 
comprises not only all possible types of intensive 
treatment but also medicational measures such as 
peritoneal flushing [4]. When added to this conservative 
intensive treatment and surgical intervention for regional 
detoxification, early implementation of therapeutic 
apheresis [TA] can contribute towards systemic 
detoxification, by aiming at specific and unspecific 
elimination of toxic substances [11,15]. 

It is very complicated to control a normal blood 
concentration of triglycerides by diet and drugs and 
normalize its. Another point is the worldwide so-called 
epidemic of obesity, which will increase the incidence 
of HTG pancreatitis in the nearby future. Nevertheless 
patients with HTG are at high risk for organ failure and 
require intensive care. Our aim is to give an overview of 
the therapeutic apheresis in acute hypertriglyceridemia 
pancreatitis and to analyse the benefits of TA in those 
patients who received such an intervention.

Therapeutic Apheresis

Therapeutic approaches to acute hypertriglyceridemia 
pancreatitis must be reconsidered, given that severe 
complications can arise both at an early and a late stage, 
and that depending on the extent of pancreatic necrosis 
lethality is still between 20 and almost 100 percent despite 
early surgical intervention [5]. Particularly in severe cases 
with corresponding clinical and laboratory symptoms, an 
attempt to achieve rapid detoxification and circulatory 
stabilisation with therapeutic plasma exchange [TPE] and 
possibly haemodialysis [HD] therapy, in combination with 
AKI, is justified in the pre-operative stage [4,16,17]. 

Therapeutic plasma exchange means the separation of 
corpuscular components from plasma with centrifuge or 

hollow fibber modules. A substitution fluid is necessary, 
and the amount is equal to the amount of filtrate pumped 
off [4]. The ideal substitution solution would, therefore, 
have the same volume and corresponding concentrations 
of physiological proteins as the plasma. The human 
albumin [5 %] – electrolyte solution and the human serum 
protein solution available today can be regarded safe and 
can thus be used as substitution solution in TPE. In severe 
cases with coagulation disturbances fresh frozen plasma 
could be used as substitute solution, but in the most 
cases the human-album-electrolyte solution is sufficient.    

Further methods in the treatment of acute 
hypertriglyceridemia pancreatitis are the cascade 
filtration or double filtration plasmapheresis (DFPP) and 
the LDL-apheresis methods. DFPP is a semi-selective 
separation technique by which, after the primary 
separator, a second or even third separator is installed in 
the filtrate line, each with a different molecular size cut-
off. Its advantage, over conventional TPE, is that with the 
various membranes of varying pore size, semi-selective 
elimination of certain plasma fractions is possible [4]. 
Clinical satisfactory separation is currently possible 
for albumin (molecular weight approximately 65,000 
daltons) and macromolecular substances of 500,000 
daltons. Separation of albumin and IgG (molecular weight 
160,000 daltons) cannot be exactly performed with the 
membranes currently available, and due to the molecular 
structure of immunoglobulins will probably not be entirely 
possible with secondary membranes, either. 

In the heparin-induced LDL precipitation (HELP, B. Braun, 
Germany), the plasma after primary separation has 
been mixed thoroughly with acetate-acetic acid buffer 
and heparin, LDL cholesterol precipitates in the acid 
environment together with fibrinogen and heparin to 
form insoluble precipitates. These precipitates are then 
removed from the plasma by means of a polycarbonate 
membrane. The remaining free heparin is completely 
removed by an adsorbed. The acidulous plasma and free 
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of LDL is returned in a physiological pH value with the 
blood cell to the patient [4].

Low molecular dextran sulphate (dextran sulphate low-
density lipoprotein, Liposorber LA-15, Kaneka, Japan) 
can selectively absorb all substances containing apo-
lipoprotein B. Dextran sulphate, covalently bound to 
cellulose particles, and was selected as an affinity legend 
of LDL adsorbent for its high affinity and low toxicity. After 
primary separation, the plasma is per undated through the 
column, where all material containing Apo-B is absorbed. 
Free of the cholesterol, the plasma and the blood cells are 
returned to the patient [4].

The adsorbed for the direct adsorption of lipoproteins 
(DALI, Fresenius, Germany), is compatible with human 
whole blood. In the DALI system, blood is perfused 
through the adsorbed, which contains polyacrylate-
coated polyacrylamide, without regeneration. In a very 
simple extracorporeal circuit the blood is pumped through 
the adsorbed [4].

Another whole blood lipoprotein apheresis system is the 
Liposorber D (Kaneka, Japan). It is developed based on 
the technology of the dextran sulphate Liposorber LA-15 
system, and adsorbs positively charged lipoproteins from 
the whole blood using negatively charged polyanions [4].  

Up to now as TPE, cascade filtration, heparin-induced 
LDL precipitation (HELP system), LDL adsorption 
through dextran sulphate (Liposorber system) and the 
LDL-hemoperfusion (DALI-, Liposorber D-system) have 
been clinical relevance in acute hypertriglyceridemia 
pancreatitis [4]. The removal of circulating activated 
enzymes, inflammatory mediators, triglycerides, lipase, 
etc. by eliminating, precipitation, or adsorption result in an 
improvement if therapeutic apheresis should be applied. 

Therapy in Acute Hyperlipidemic 
Pancreatitis

The therapy of acute hypertriglyceridemia pancreatitis 
includes the rapid lowering of serum triglycerides, 
blocking of induction pancreatitis damage by pro-
inflammatory mediators, preventing recurrence using 
lipid-lowering agents, promoting self-absorption of 
pancreatic pseudocyst [11]. Simultaneously heparin 
can stimulate lipoprotein-lipase activity and accelerate 
chylomicron degradation, to the decrease of serum 
triglyceride level. Besides this effect on blood triglyceride, 
it can also improve microcirculation and prevent activation 
of neutrophils activity. Polymorphonuclear cells can play 
an important role in the deterioration of severe acute 
pancreatitis, especially release of elastase, which will lead 
to persistent pancreatic necrosis and acute lung injury 
[18]. Insulin can not only decrease blood glucose, but 
also accelerate degradation of chylomicron. Insulin can 
be given to control blood glucose well below 200 mg/dL. 
Lipid lowering drugs must be given to decrease the blood 
lipids in order to avoid recurrence of acute hyperlipidemic 
pancreatitis [1].

In 1985 Schranz et al., published case reports on five 
patients with necrotizing pancreatitis [19]. In two of 
the patients with extreme hyperlipidemia, pancreatitis 
was improved without any complications after one TPE 
session. The three other patients additionally developed 
an acute kidney injury and adult respiratory distress 
syndrome. Two of these patients were cured through 
TPE, one patient died. Based on these results Schranz et 
al., and Klar et al. concluded that the hypertriglyceridemia, 
that had triggered the pancreatitis, was immediately and 
permanently eliminated, through TPE, that AKI caused 
by sepsis, hemolysis, and disseminated intravascular 
coagulation was halted; and that systemic detoxification 
was rapidly and effectively achieved [19,20]. Furuya et al., 
showed that TPE should be applied for the treatment of 
hypertriglyceridemic necrotizing pancreatitis immediately 
after its onset [21].  

Several reports and non-randomized controlled trials have 
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examined the use of TPE to treat acute pancreatitis due 
to HTG. Reduction in triglyceride levels of 70-80 percent 
have been reported with improvement in symptoms of 
pancreatitis following TPE treatments, but the mortality 
in severe HTG was not decreased by TPE. Chen et al. 
proposed that the time of TPE might be the critical point. 
If patients with hypertriglyceridemia pancreatitis could 
receive TPE as soon as possible, better results might be 
expected [22]. Yeh et al., observed in 2003 in 18 patients 
with Hypertriglyceridemia pancreatitis who are treated 
with TPE is an effective method to clear lipids and enzymes 
from plasma [23]. Kyriakidis et al., presented in 2006 the 
results of 10 patients with severe hypertriglyceridemia 
pancreatitis treated with TPE that TPE successfully 
lowered lipids levels with no complications and relieved 
the patients from symptoms in the acute phase of the 
disease [24]. Kadikoylu et al., presented in a clinical study 
with 7 patients that TPE may be useful and effectively in 
severe hyperlipidaemic patients at risk of acute coronary 
events and acute pancreatitis [25]. 

Perbet et al., published in 2008 the results of 11 patients 
with acute pancreatitis who were treated with TPE. 
One patient died, and ten patients survived [26]. Al 
Humooud et al., found in 8 patients with hyperlipidemia 
pancreatitis who were treated with TPE, an effective 
lowering of amylase, triglycerides, cholesterols, and 
acids in preventing recurrent attacks [27]. Stefanutti et al., 
observed in 2009 in 18 patients with hypertriglyceridemia 
pancreatitis who were treated with TPE excellent results, 
the removal of TG-rich lipoproteins by TPE prevented 
relapses of acute pancreatitis [28]. Bolaman et al., found 
TPE may have been a lipoprotein prevented relapses 
of acute pancreatitis [29]. After Ewald seemed TPE in 
patients with severe hypertriglyceridemia to be safe 
and useful tool in rapidly lowering excessively elevated 
triglyceride levels. TPE can be used to rapidly decrease 
triglycerides by elimination, and thus remove the causative 
agent for continuing damage. The indications are medical 
emergencies such as hypertriglyceridemia pancreatitis 

with excessively elevated triglyceride levels [30]. 

Ramirez-Bueno et al., reported on 11 patients with AP 
who were treated with TPE. In eight patients a single 
TPE was sufficient to reduce triglycerides < 1,000 mg/
dL. Three patients died, all with the worst severity [31]. 
He suggested randomized clinical trials to compare 
conventional treatment versus TPE. Carrillo et al. treated 
4 patients with severe hypertriglycerides with DFPP. The 
patients with an average triglyceride level of 3,136 mg/
dL showed of all patients a rapid normalisation of the 
triglycerides and the complications [32]. Joglekar et al., 
reported in 2017 on 3 patients with HTG and AP under TPE 
treatment a fully recovery with significant improvement in 
TG levels without complications [33].

Special indications of TPE are the familial 
hypertriglyceridemia during pregnancy and in children. 
Hormonal influences during pregnancy can compromise 
otherwise controlled lipid levels in women with familial 
HTG and predispose to pancreatitis leading to increased 
morbidity in both mother and fetus. Siwakumaran et al., 
reported the successful use of TPE in the management 
of hypertriglyceridemia during pregnancy resulting in 
avoidance of pancreatitis and delivery of a healthy term 
infant. 13 TPEs were performed from 19 to 36 weeks 
gestation to maintain tight control of triglyceride levels [34]. 
Basar et al., treated 2 pregnant patients with DFPP. They 
concluded that DFPP is an effective method to decrease 
extremely high TG levels and risks of its potentially life-
threatening complications [35]. The same results found 
Gandhamm et al. [36]. Jung et al., reported in 2017 of a 
1-month-old infant with chylomicronemia due to GPIHBP 
mutation treated successfully by plasmapheresis [37].

In the guidelines on the use of TA of the American Society 
for Apheresis (ASFA), the hypertriglyceridemia pancreatitis 
has the category III and the recommendation grade 2 C for 
TPE [3]. However, a strategy as to the moment when TPE 
therapy is implemented still must be developed following 
a final evaluation of the process based on a larger number 
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of cases and randomized clinical trials. 

Discussion

Acute pancreatitis is one of the most severe 
complications of severe hypertriglyceridemia. Rapid 
lowering of excessively elevated triglyceride levels 
activated enzymes, released cytokines and other 
inflammatory substances is therefore a primary goal in 
these patients. The primary steps in the treatment are 
the dietary management and lipid-lowering drugs etc. 
If these therapeutic measurements are not sufficient, 
and/or surgical intervention for regional detoxification 
is necessary, early implementation of TA as a systemic 
detoxification by elimination of specific and unspecific 
toxic substances is indicated. TPE has been available as 
an optional therapy for hypertriglyceridemia pancreatitis 
since more than 30 years. 

The time of implementation TPE is the critical point. 
If patients with severe acute hypertriglyceridemia 
pancreatitis can be treated with TPE as soon as possible, 
better results may be predicted [22]. Although, the 
mortality in severe hypertriglyceridemia pancreatitis did 
not decrease by TPE, as well as TPE was not able to alter 
the complication rate significantly, evidence in literature 
suggest that early onset of TPE can be beneficial for 
patient [10,22,38]. 

The literature shows most experiences are linked with 
the use of unselective separation method of therapeutic 
plasma exchange. TPE is a therapeutic procedure with 
high costs due to the equipment used, the hollow fibre, 
the substitution solution, the staff etc. that makes it a 
constraining method for any patient [11]. The use of 
LDL-apheresis as TA methods in the treatment of acute 
pancreatitis is rarely reported. TPE is the most used 
therapeutic method, when indicated. Only in patients with 
AP due to familial hypertriglyceridemia, the indication of 
LDL-apheresis could be discussed. 

TPE has been available as an optional therapy for severe 
acute hyperlipidemia pancreatitis and has the category 
III of the ASFA, and patients with severe disease could 
receive TPE it must be as soon as possible [11]. But further 
studies with more patients are needed to clarify the role 
of TPE in the treatment of acute hypertriglyceridemia 
pancreatitis, and the costs of this therapeutic option must 
decrease in future by cheaper disposables. 

After conservative therapy with dietary management, 
lipid-lowering drugs, and surgical intervention for regional 
detoxification our recommendations are, if dialysis by a 
combination with AKI is indicated: 

- Daily intermittent haemodialysis [2 – 4 hours 
daily]. Contraindication of intermittent dialysis is a distinct 
hemodynamic instability in 5 – 10 percent of all patients,  

- Continuous therapies, like continuous venous-
venous hemofiltration, continuous venous-venous 
hemodiafiltration etc. Advantages are a constant 
electrolyte infusion and the application of large fluid 
volumes in point of view of the parenteral nutrition. The 
disadvantage is the essential continuous anticoagulation. 

In severe cases we recommended the following TA 
methods which can implement:

- Therapeutic plasma exchange with hollow 
fibbers [surface 0.2 – 0.4 m²] and an exchange volume of 
2 -4 L per treatment [50 – 60 ml/kg BW] in depending of 
the severity of the AP. The substitution solution must be 
selected with view to the justifiable relationship between 
possible risks and the expected benefits of the treatment 
to the individual patient. The replacement solutions are 
human albumin-electrolyte solution [5 %] and/or human 
serum protein solution and by coagulation disorders 
additionally fresh frozen plasma. The TPE-treatments 
could be implemented alone or in combination with 
dialysis treatments, and one to a maximum of 5 treatments 
in depending of the course and the severity of the AP in 
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daily or after every 2 days are implemented. Cascade 
filtration can be used as a semi-selective elimination of 
lipoproteins and triglycerides. The treatment goals are TG 
levels lower than 150 mg/dL, what is reached with both 
systems [4].

- Selective plasma separation, such as cascade 
filtration, HELP-, Liposorber-, DALI-, and Liposorber 
D-system are available. In depending of the course and 
the severity of the acute hypertriglyceridemia pancreatitis 
a selective plasma separation method besides the dialysis 
methods could be discussed. The most indications 
are the familial hypertriglyceridemia pancreatitis. One 
to maximum of 3 treatments is recommended with 
an exchange volume of 3 to 4 L plasma corresponding 
whole blood, with an elimination of lipoproteins and TG to 
normal concentrations [4]. 

Therapeutic plasma exchange has been available as an 
optional therapy for severe acute hypertriglyceridemia 
pancreatitis and has the category III of the ASFA. 
Patients with this severe disease could receive TPE is 
recommended earlier intervention to maintain TG levels 
< 150 mg/dL to prevent further episodes of pancreatitis. 
If there is no improvement with conservative therapy the 
treatment of TA has usually been implemented early. But 
further studies with more patients are needed to clarify the 
role of TA in the treatment of acute hypertriglyceridemia 
pancreatitis, and the costs of this therapeutic option will 
decrease in future. 
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